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CHAPTER I 
INTRODUCTION 
In 1e46, Dubrunfaut5 discovered that when glucose 
is dissolved in 11tater, the optical rotatory power of the 
solution decreases with time, finally reaching a constant 
value. About ten years later Pasteur,l6 Erdmann,6 and 
others found that a reducing sugar solution, which has been 
freshly prepared, also changes its optical rotatory power. 
This phenomenon came to be known as "mutarotation." lfJhen 
Dubrunfaut discovered this behavior, he proposed the hypoth-
esis that it was caused by a change of molecular structure. 
After many years the hypothesis was confirmed by Tanret 1s 
preparationl$ of two forms of glucose and galactose respec-
tively, one having a higher and the other having a lower 
optical rotatory power than the stable solution. 
Fischer's preparation of two methyl glycosides and 
Armstrong's discoveryl that,'on enzymic hydrolysis, the more 
dextrorotatory glycoside yields a sugar solution 11dth a 
rotatory power greater than the equilibrium value and that 
the less dextrorotatory yields a sugar solution with a 
rotatory power less than the equilibrium value, furnished a 
clue as to the character of the mutarotation reaction. 
Subsequent work showed that this mutarotation is 





beta pyranose modifications. The alpha and beta sugars have 
different configurations for their reducing carbons and a 
marked difference in physical properties, Hence the mutaro-
tation may be followed by the changes in solubility, refrac-
tivity, and energy, in addition to the optical rotation, 
IsbelllO initiated an investigation to determine the relative 
reactivities of these sugar forms. He found out, for exam-
ple, that the beta sugars are oxidized by bromine water more 
rapidly than the alpha ones, So there should be little 
doubt that the pyranose ring is an important factor in 
influencing the rate and course of reaction. The existence 
of alpha and beta forms of all the sugars is now thoroughly 
acknowledged, and their mutarotation has been studied 
extensivelyl5. 
The aminosugars share this property with the more 
common hydroxysugars. In the aminosugar field it has been 
generally accepted that the preparation of an aminosugar 
glycoside by the acid-catalyzed reaction of a sugar with an 
alcohol leads exclusively to the anomer form having the 
alpha configuration at the glycosidic carbon atom. This 
assumption was first shown to be not necessarily true by 
Kuhn and his co-workersl4 who in 1953 reported that the 
usual preparation of methyl-N-acetyl-D·glucosaminide in 
methanol/HCl does not yield pure alpha anomer. It can be 
separated from its beta anomer only indirectly by the 
------
,-; 
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crystallization of the completely acetylated glucosaminides. 
The separation of the methyl glucosaminides in this way 
shows that the direct preparation yields a mixture of 85 per 
cent of the alpha and 15 per cent of the beta form. 
More recently Gross and Zimmerman attempted to 
prepare the alpha-benzyl~N-carbobenzoxy-4,6-0-benzylidene­
D-glucosaminide and its derivatives. It was suspected that 
there might be an indication of the presence of diastereo~ 
isomerism in the benzylidene moiety of the derivative. How-
ever, this suspicion was incorrect. Actually the supposed 
alpha glucosaminide was found to be contaminated by the beta 
anomer.s 
Late in 1963, Westphal and Stadtler2° reported a 
chromatographic separation of the two anomeric forms of 
benzyl-N-carbobenzoxy-3-diphenylphosphoryl-4,6-benzylidend-
D-glucosaminide, These workers had employed as their start-
ing material the so-called alpha-benzyl-N-carbobenzoxy-D-
glucosaminide prepared in the usual way according to Heyns 
and Paulsen.9 They also found a proportion of beta anomer 
in the product following their separation. As a result of 
their work and that of Gross and Zimmerman, it is now known 
that the so-called alpha-benzyl-N-carbobenzoxy-D-glucosaminide 
often is actually a mixture of the alpha and beta anomers. 
The glycosidation of N-carbobenzoxy-D-glucosaminide 




both alpha and beta-benzyl-N-carbobenzoxy·D-glucosaminide. 
From qualitative observation$ made during preparative work 
4 
it appears that the amount of beta anomer is increased with 
increasing time and temperature of the reaction. Further~ 
more, although the beta-benzyl·N-carbobenzoxy-D-glucosaminide4 
is known, further study shows evidence that it also undergoes 
mutarotation reaction in a benzyl alcohol/HCl mixture, 
these facts, it appeared that the glycosides themselves 
engage in mutarotation, in analogy to the behavior of an 
ordinary reducing sugar, 
From 
These observations led to the present work in which 
the object was to obtain a knowledge of the kinetic behavior 
of the glycosidic mutarotation, as well as its mechanism and 
thermodynamic properties. 
------ -- --- -----




The specific rotations of both alpha- and beta-benzyl-
N-carbobenzoxy-D-glucosaminide respectively, alone in benzyl 
alcohol were measured at various temperatures (45°, 60°, and 
75° C,) in a preliminary series of calibration observations. 
The pure substance was in each case dissolved in dry benzyl 
alcohol. Then the mixture was poured into a waterjacketed 
polarimeter tube whose temperature was controlled by a 
thermo-regulated water circulator (Labline Instruments). 
The specific rotations of the pure glycosides and known mix-
ture o£ them at the various temperatures were then calculated 
from the actual readings of angles of rotation (~)R' 
(a()~ .. <cl.la • 100 
(II-1) 
1• c 
where (~)R = reading of angle of rotation 
1 = length of polarimeter tube in decimeters 
c ~ concentration of the solution in grams per 100 
m1. 
(ol)~ = specific rotation at temperature T°C 




Physical Data for Alpha-benzyl-N-
Cbz-D-glucosaminide 













Physical Data for Beta-benzyl-N-
Cbz-D.glucosaminide 


















0 10 :2.0 .30 
0 
100 90 80 70 6o 














.• tso .L/rure Ji -1 - tfiO 
l?<r~e?lli1.7~1 of -<· a,nc:< f. (,~"zyl- N-c6z.'tJ-flucosA.miniJe. 
vs . 






Concentrations o£ Alpha~ and Beta-benzyl~N-carbobenzoxr­
D-glucosaminides in. the solution 
The angles of rotation of mixtures were read at 
intervals of composition. The concentrations of these sub-
stances could then be calculated from the following formulas: 
eo(= (-<)~co - 50(ol)R 
(-.! )(J- ( o()-._ 
T c(3 = 50 (ol)R .. (el)o(.co 
T T 
(ai.)(J - (-<).,(. 
( II~2) 
(II-3) 
where c0 = initial concentration of the substance in grams 
per 100 ml. 
(o(.)R = the experimental reading of the rotation 
(~)J, (oO~ = specific rotation of alpha and beta anomers 
. respectively at temperature TO C. 
concentration of alpha and beta anomers 
respectively in grams per 100 ml. (they 
could also be determined graphically by the 
aid of Figure II-1). 
Concentration of Hydrochloric Acid in Benzyl Alcohol 
Since the concentration of hydrochloric acid in 
benzyl alcohol cannot be kept constant at the higher temper-
ature because of the reaction between these two to form 
benzyl chloride and water, the concentration of HCl must be 





by following the concentration of HCl in benzyl alcohol in a 
run paralleling the investigations of the sugars at each 
temperature. The method of analysis follows. 
An aliquot amount of the separate HCl/benzyl alcohol 
solution was drawn by the pipette and introduced into benzene 
in a separatory funnel. The solution was shaken until it 
became homogeneous, and about the same amount of distilled 
water was then added, After shaking the solution again, the 
water layer was separated from the organic layer (HCl dis-
solved in the water, and benzyl alcohol and benzyl chloride 
stayed in the benzene phase). Hydrochloric acid in the 
water was then titrated with standard sodium hydroxide solu-
tion (0,400 N), standardized ~;ith potassium acid phthalate. 
The concentration of HCl was then calculated, 
Preparation of the Starting Materials 
The alpha- and beta-benzyl-N-carbobenzoxy-D-glucos-
aminide were prepared as illustrated by Gross and Zimmerman,$ 
The routes of these preparations are shown in Tables II-3 
and II-4· 
Preparat;ton of the Glucopyrano-(1.2:4 1 , 5')-2 1-0xazolidone 
The preparation was done by Steyermark's methodl7 
as illustrated in Table II-5. 
----- ------ ---
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The final reaction solution in the polarimeter tube 
and the solution of pure alpha~ and beta-benzyl~N-carbobenzoxy­
d-glucosaminide, N-carbobenzoxy-D-glucosamine, glucosamine 
hydrogen chloride, and glucopyrano- ( 1, Z: 41 , 51 ) -Z 1 -oxazolidone 
respectively were spotted on a thin-layer chromatographic 
plate which had been coated by the mixture of 32 per cent 
silica gel, 3 per cent phosphor, and 65 per cent water. The 
plate was dipped into a selected mixture of ethanol and 
chloroform (either 1:9, 3:7, or 1:1). Allowing the develop-
ing solution to migrate for about half an hour, the plate 
was taken out from the developing solution and was sprayed 
on by the detecting solution which contains sulphuric acid, 
phosphoric acid, molybdate, and water. The plate was heated 
in an oven for about ten minutes. 
Operational Procedure 
Benzyl alcohol was dried by adding sodium metal in 
order to get rid of water, The solution then was distilled 
under aspirator vacuum, protected by a calcium chloride tube 
to give an absolutely dry alcohol. 
One must keep in mind that from this step on, the 
operational procedure must be accompanied by exclusion of 
the moisture in the air. 
Hydrogen chloride was dissolved into $0-100 ml, of 
dry benzyl alcohol which was surrounded by an ice bath. 
----------
d __ -





Arter complete dissolution, an aliquot of the solution was 
immediately titrated with a standardized sodium hydroxide 
solution (0.400 N). The rest of the solution was kept at 
0°C, to minimize the reaction between HCl and benzyl alcohol. 
Such storage should not exceed five days. 
About 0.001 mole (accurately weighed) of alpha- or 
beta-benzyl-N-carbobenzoxy-D-glucosaminide was introduced 
into 10.00 ml. of dry benzyl alcohol in a temperature-
controlled flask. Ten ml. of HCl/benzyl alcohol, which was 
previously placed in the water-jacketed buret connected to 
the water circulator, was then added into the homogeneous 
benzyl alcohol/aminosugar mixture. The time of the addition 
was recorded as the zero time of the reaction. The reaction 
solution was immediately placed in the water-jacketed 
polarimeter tube, and the angles of rotation were then read 
as a function of time. At the same zero time an aliquot 
of benzyl alcohol/!!Cl solution was withdrawn from the buret 
to detect the initial concentration by titrating with the 
standardized sodium hydroxide solution as previously explained, 
The rotatory power of the solution at zero time can be cal-
culated by using equation II-1, page 5. The concentrations 
of the alpha and beta anomers were then calculated by using 
equations n .. 2 and rr ... J, page 8, or Figure II-1, page 7. 
----- -----




The rates of conversion of the alpha glycoside to the 
beta-form, and of the beta glycoside to the alpha-form were 
determined by the method given in the preceding chapter. 
Measurements were made at three different temperatures, 
using various concentrations of glycoside and HCl at each 
temperature. The results of the measurements are shown in 
Tables III-1 to III-20, In selected cases, the rate runs 
were continued until equilibrium are presented in Table 
III-21. A summary of typical equilibrium rotations at all 
temperatures studied is given in Table III-22. 
The Variations of HCl Concentration 
In parallel.to the :rate runs at different temperatures 
the variations of HCl concentrations (which are attributed 
to a reaction between HCl and benzyl alcohol to form benzyl 
chloride and water) with time were determined in selected 
cases, The results of these determinations as a function 
of time are represented in Table III~23. 
Results of Thin-layer ChromatograRhY 
Thin-layer chromatograms were made first on mixtures 




The mutarotation of alpha-benzyl-N-carbobenzoxy-
D-glucosaminide. Initial concentration 
(52.349 X lo-3 Ml in.0.2957 M 
HC1 at 45° C. 
Time (at.)R (a - x) 
(Min.) degrees lo-3 J:ll 1og(a - x) 
0 5.58 52.349 -1.2315 
15 5.45 51.866 -1.2857 
25 5.40 51.152 -1.2911 
45 5.35 5o.aoo -1.2941 
79 5.25 50.093 -1.3002 
132 5.20 49.739 --
240 5.15 49.387 --360 5.10 49.035 --
slope {m) "" -0.000266 
TABLE III-2 
The mutarotation of alpha-benzyl-N-carbobenzoxy-
D-glucosaminide. Initial concentration 
( 56.,196 X lo-3 M) in 0, 2410 PJ! - -
HCl at 45° C. 
Time (a(} R (a .. x) 
(!ll:in. ) degrees w-3 M log(a - x) -
0 7.64 56.196 -1.2503 
10 7.60 55.817 -1.2534 
25 7.55 55;465 -1.2565 
45 ?;50 55.110 -1.2596 
105 7;3.5 54.102 
165 7.30 53.698 --
255 7.20 52.994 --
slope (m) "" -0.000200 
16 
----------
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TABLE III-.) 
The mutarotation of.alpha-benzyl-N-carbobenzoxy-
D-glucosaminide. Initial concentration 
(24.652 X lo-3 M) in 0.4675 M - -
HGl at 45° C. 
Time (ci.)R (a - x) 
(Min.) degrees 10-3 tl log(a - x) 
0 2.63 24,652 -1.6084 
10 2.60 22.901 -1.6402 
28 2.55 20.348 -1.6913 
46 2.5.) 18.202 -1.7398 
72 2.50 16.401 
slope (m) = -0,000400 
TABLE III-4 
The mutarotation of beta-benzyl-N-carbobenzoxy" 
D-glucosaminide. Initial concentration 
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slope (m) = -0.00130 
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TABLE III-5 
The mutarotation of beta-benzy1-N-oarbobenzoxy-
D-glucosaminide, Initial concentration 
(29.471 X 10-J ~) in O.J008 ~ 
HCl at 45° C. 
Time ( ol)R (b - x) 
(Min.) degrees 1o-J 11 1og(b - x) 
0 -1.03 29.471 -1.5302 
1.3 -0.55 26.0281 -1.5850 
28 -0.40 24.9701 -1.6021 
58 0.05 21.7921 -1.6615 
95 0,50 18.6141 -1.7305 
131 0.80 16.495 
190 1.10 14.376 --
slope (m) = -0.00190 
18 




The mutarotation of beta-benzyl-N-carbobenzoxy-
D·glucosaminide. Initial concentration 
(21.2841 x 1o-3 M) in 0.3286 ~ 
HC1 at 450 C. 
Time ( c(.) R (b .. x) 
(Min.) degrees lo-3 ~ 1og(b ... x) 
0 -0.75 21.284 -1.6716 
10 -0.30 18,112 -1.7423 
15 -0.20 17.4051 
25 -0.05 16.3471 




55 0.35 13.521 
75 0.50 12.4631 --97 0.70 11.050 
127 0.85 9.991 
158 1.00 8.930 
188 1.15 7.872 
245 1.30 6.814 
----
--
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TABLE III-7 
The mutarotation of alpha-benzyl-N-carbobenzoxy-
D-glucosaminide. Initial concentration 
(79.684 x lo-3 M) in 0.3609 ~ 
HCl at 600 C. 
Time (oi.)R (a - x) 
(Min,) degrees lo-3 ~ log(a - x) 
0 8.175 79.684 -1.0985 
8 7.88 77.558 -1.1107 
17 7,65 75.899 -1,1198 
28 7.54 75.109 -1.1244 
48 7.42 74.244 -1.1296 
S4 7.30 73.379 --120 7.20 72.660 --241 7.11 72.010 _.,. 
401 7.05 71.579 --







The mutarotation of a1pha-benzyl-N-carbobenzoxy-
D-glucosaminide. Initial concentration 
( 99.14 7 X w-.3 Ml in o • .3860 JV) 
HCl at 60° C, 
Time (ol) (a - x) R 
lo-.3 M (Min.) degrees log(a - x) 
0 10.17 99.147 -1.00.39 
10 9.75 96.12.3 -1.017.3 
21 9.55 94.686 -1.02.37 
.31 9.45 9.3.967 -1.027.3 
52 9.,30 92.876 -1.0.320 
81 9.20 92.158 --141 9.00 90.720 --231 8.95 90.348 
slope (m) "' -0.0010 
'l'ABLE III-9 
The mutarotation of alpha-benzyl-N-carbobenzoxy-
D-glucosaminide. Initial concentration 
(.3;3.88.3 X lo-.3 Ml in 0,2682 M 
HCl at 60° C, 
Time ( cl) R (a - x) 
(I'lin, ) degrees lo-.3 M log(a - x) 
0 .3 .48 33.88.3 -1.4711 
18 ,3.20 .31.895 -1.4962 
38 .3.10 .31.174 -1.5058 
65 .3,05 .30,814 -1.5114 
1.35 3.00 ,30;455 --.315 2.95 30,093 --








The mutarotation of beta~benzy1-N-carbobenzoxy­
D-glucosaminide. Initial concentration 
(26.497 X 1o-3 Ml in 0,2866 M 
HC1 at 60° C. 
Time (o{)R (b • x) 
(Min,) degrees lo-3 M 1og(b - x) 
0 -0.96 26.497 -1.5768 
9 -0.55 23.545 -1.6289 
19 o.oo 19.584 -1.7100 
29 0,30 17.423 -1.7595 
40 0.60 15.262 .. 1.8153 
49 0.75 14.11n -1.8477 
60 0,90 13.114 -1.8827 
79 1.07 11.876 
113 1.25 10.579 --141 1.40 9.427 --210 1.55 8.420 --





The mutarotation of beta-benzyl-N-carbobenzoxy-
D .. glucosaminide. Initial concentration 
(36,027 x 1o-3 ~) in 0.4060 ~ 
HCl at 60° C. 
Time ( c<JR (b ... x) 
(Min.) degrees 10·3 !':!. log(b - ;x:) 
0 -1.30 36.027 -1.4433 
7 -0.70 31.667 -1.5003 
18 0,50 23.022 -1.6383 
30 1.00 19.423 -l. 7111 
48 1.60 15.100 -1.8210 
59 1.75 14.019 -1.8533 
94 2.10 11.498 --161 2,40 9.337 --193 2,50 8.618 
283 2.55 8.256 --





The mutarotation of beta-benzy1-N-carbobenzoxy-
D-glucosaminide. Initial concentration 
{31.380 X 10-3 M) in 0,2174 M - -HCl at 6oo C. 
Time (co<) R (b - x) 
(Min,) degrees 1o-3 M 1og(b - x) 
0 •l.1i 31.380 -1.5031 
6 -0.8 29.387 -1.5317 
20 -0.25 24.993 -1.6021 
37 0.24 21.463 -1.6696 
50 0.50 19.589 -1.7077 
64 0.70 18.149 -1.7411 
102 1.08 15.412 
140 1.28 13.972 --190 1.40 13.107 --
slope (m) "" -0.00450 
- - -------- -- ----
24 
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'rABLE III-13 
The mutarotation o£ beta-benzyl-N-carbobenzoxy-
D-gluoosaminide. Initial concentration 
(35.990 X l0-3 M) in 0,2308 M -- -HCl at 600 c. 
Time (~)R (b - x) 
(Min. ) degrees lo-3 M 1og(b - x) 
0 -1.30 35.990 -1.4438 
15 -0.50 30.200 -1.5200 
28 0.10 25.8$7 -1.5871 
45 0.65 21.917 -1.6692 
59 1.00 19.396 -1.7124 
78 1.30 17,234 --
105 1.55 15.432 --135 1.74 14,064 
197 2,00 12,193 --





. - ... - -
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The mutarotation of beta-benzyl-N•carbobenzoxy-
D~glucosaminide. Initial concentration 
(34.416 X lo-3 M) in 0,3207 M - -HCl at 60° C. 
Time ( o(j R (b .. x) 
(Min.) degrees 10-3 !:.'! log(b - x) 
0 -1.25 34.416 -1.4634 
7 -0.65 30.016 -1.5214 
18 o.oo 25.434 -1.5952 
27 0,40 22.553 -1.6468 
40 'o. 75 20;033 -1.6985 
~l 1;10 17.512 -1.7567 1.40 15.350 --98 1.75 12.830 --
133 2,00 11.028 --
201 . 2;27 9.084 --
slope (m) <= •0.00666 
TABLE III.:.15 
The mutarotation .of alpha-benzyl-N-carbobenzoxy-
D·glucosaminide. Initial concentration 
(21.594 x lo-3 M) in 0.0895 !;.'! 
HCl at 75°.c. 
Time (o{)R (a - x) 
(Min.) degrees lo-3 !:.'! log(a - x) 
0 2.48 21.404 -1.6693 
10 2,40 18.402 . ,.1,6$26 




~~ -- - --- ---
,;::;-=----.-.  ---
TABLE III-16 
The mutarotation of a1pha-benzyl-N-carbobenzoxy-
D-gluco$aminide. Initial concentration 
(70.959 X lo-3 M) in 0.1676 M - -
HCl at 75° C. 
Time ( .()R (a - x) 
(Min,) degrees 1o-J !i log(a - x) 
0 8.26 70.959 -1.1491 
7 7.80 68.371'5 -1.1661 
slope (m) .. -0.00243 
TABLE III-17 
The mutarotation of alpha-benzyl-N-carbobenzoxy-
D-glucosaminide. Initial concentration 





HCl at 75° C. 
12.50 
11.60 
(a - x) 
10 .. 3 !i 
107.198 
102.005 
slope (m) = -0.00305 






~~ -~- ~-- -----~ 
TABLE III-18 
The mutarotation of beta. ... benzy1-N-carbobenzoxy-
D-g1ucosaminide. Initial concentration 
(21.282 X lo-3 M) in 0,2778 M - -
HC1 at 75° C. 
Time (a<)R (b - :x:) 
(Min.) degrees 10·3 M log(b - :x:) 
0 -0.48 21.282 -1.6731 
5 0.40 14.987 -1.8242 
7 0.65 13.177 -1.8801 
10 0.90 11.343 -1.9453 
13 1.05 10,252 -1.9892 
16 1.20 9.162 .... 
21 1.35 8,075 --26 1.45 7.327 --




--- -- -- ---- -- ----
~ccc·cc~cc·.c.cc·c= 
........... 
TABLE III ... 19 
The mutarotation of beta ... benzyl-N-carbobenzoxy-
D-glucosaminide. Initial concentration 
(33.310 X 1o-3 M,) in 0.4494 M 
HCl at 75° C. 
Time (c<)R {b - :x:) 
(Min.) degrees 10-3 Jell log(b ... :x:) 
0 -0.73 33 ,Jl -1.4776 
5 1.50 17.05 -1.7683 
7 2.10 12.69 -1.8962 
9 2 • .30 11.23 -1.9482 
1.3 2.65 8.68 -2.0615 
17 2.70 8.31 
20 2.80 7.59 --
slope (m) = .. 0.0583 
TABLE III-20 
The mutarotation of beta-benzyl-N-carbobenzo:x:y-
D-glucosaminide. Initial concentration 





























slope (m) = -0.0389 
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TABLE III-21 
THE RFAGTIONS WHICH WERE CARRIED TO 
EQUILIBRIUM AT 45° C, 
Alpha-benzyl-N-carbobenzox:y-D-glucosaminide as a 
starting material. Initial concentration 

















Beta-benzyl-N-carbobenzox:y-D-glucosaminide as a 
starting material. Initial concentration 


























































































































































































































































































'l'HE CHANGE OF HCl CONCENTRATION IN BgNZYL ALCOHOL 
45° c. 60° c. 75° c. 
Time CHCl Time CHCl Time CHGl 
Min. M - Min, r! Min. ! 
0 1.962 0 0,6534 0 1,2864 
26 1.785 10 0.5120 5 0.8154 
70 1.317 25 0.4173 15 0.6052 
112 1.188 ~6 0.3264 .30 0.4709 163 1.0.32 0.,3081 60 0.2320 
22.3 0.930 90 0.2573 90 0,1450 
28.3 0,845 124 0.2128 120 0.0322 
476 0.716 180 0.1784 
496 0.699 
The HCl/benzyl alcohol solution was added into 
sugar solution after about five minutes of the reaction 







10 per cent ethanol and 90 per cent chloroform, was used, 
The data shown in Figure III-1 reveal only the expected 
alpha- and beta- anomers. However, when a developing solvent 
of 30 per cent ethanol and 70 per cent chloroform was used, 
the alpha- and beta-N ... carbobenzoxy-D-glucosaminides migrated 
up to the solvent front and 1 in addition, there ~oras a slo~oT• 
moving spot shown on the plate in Figure III.-2. This 
equilibrium mixture was then compared with N-carbobenzoxy-
D-glucosamine (Figure III-3) and gJ.ucopyrano (1,2:4 1 ,5 1 )-
2'-oxazolidone (Figure III-4). The reaction mixtures during 
the early stages of some of the rate runs were spotted again 
on the chromatographic plate respecting to time as shown in 
Figure III-5, These experiments were unable to detect the 
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The independent interconversion of alpha-N-carbobenzoxy-
D-glucosaminide to the beta~ form, and vice versa, suggests 
that the proper treatment of the rate data must involve a 
system of opposing reactions. It is evident from the data 
cited in the preceding chapter that such opposing rates must; 
necessarily involve the HCl which is included in the reac-
tion mixture. Thus, as the first approach to the analyzed 
data, it is reasonable to suppose that the rate law for 
opposing second-order rates >vill apply. However, it is also 
appanmt from the data that the concentration of HCl used 
in all this 'tiOrk exceeds the glycoside concentration by a 
factor of about one hundred times. Therefore, the postulated 
system of opposing second order processes may be reduced to 
a system of opposing pseudo-first-order processes. Such a 
system can be formulated as follows: 
from which the total rate law may be 1flr'itten as 
- de 
~ "'""'"· - k 1 c - ''c(-.. (3 (3 
dt =(k' + k')c- k'co 




In this formulation, it must be realized that kJ and 
k~ are pseudo-first-order rate constants and include the 
overwhelming concentration of HCl. 
In common with all prior experience in acidic 
hydrolysis and mutarotation of sugars, it would seem reason-
able to suppose that the HCl in the present system serves 
the function of a catalyst. If this were so, one would 
expect that its concentration would remain constant through-
out a given rate run. lt was found earlier in this work, 
however, that the HCl concentration does undergo a moderate 
change during a rate run, and that the change not only 
assumes larger significance in a run of long duration, but 
also exceeds in absolute value of the concentration of 
glycoside present in the system under this circumstance. 
Following this observation it was ascertained that the reac-
tion involving the change of HCl concentration is independ-
ent of the mutarotation and involves the well known 
heterolytic exchange, 
While it was not the purpose of this investigation to conduct 
an exhaustive study of a foregoing heterolysis, its occur-
rence imposes upon the mutarotation (which is HCl catalyzed, 
and in which the HCl concentration is evidently a partici-
pant in the rate expression) a steadily changing concentra-
tion of the acidic catalyst, In order to assess the 
-- ---------- -- ------
significance of this change to the mutarotation being 
studied• it is necessary to formulate the rate law for the 
foregoing heterolysis reaction. This may be done as fol-
lows. The rate expression for the forward process in the 
heterolysis is 
- dcHCl = ¥' cHCl cBzOH = (HCl 
dt 
(IV-2) 
whence the concentration of HCl at a given time may be 
expressed as 
(IV-3) 




-dco~. ( - - ) o ( -l'h) -;;:t"" .. k.,~.c"'- - k0cP' _ cHCl- e (IV-6) 
for the reaction of alpha-benzyl-N-carbobenzoxy-D-
glucosaminide to beta-anomer.. A similar relationship ca.n 
be written for the reverse process 
""d'i.(.= (kacR - ko~.c«.) c~Cl ( e-•t) 
dt \:' ~~ 
(IV-7) 
41 
~lhile it is possible in principle to utilize the full 
rate law given above for the determination of koe. and k(J' 
certain approximations prove to be expedient in the present 
work. The first of these arises from the fact that it has 
been possible to begin each rate run with a pure anomeric 
c:: 
--------
- -- - -
- ---- --------- -
42 
glycoside, Under such conditions it is evident that, in 
equation IV-6, for example, the initial concentration, c~, 
is zero. So long as ~(3 is not vastly larger than k.,~. (a fact 
which can easily be ascertained from table of equilibrium 
data [Table III-23, page 32] from which it is evident that 
k .(.and k (3 are of the same order in magnitude)., the term in 
k~c~ will have negligible effect during the early stage of 
the mutarotation, Therefore, if attention is restricted to 
the data representing a degree of reaction that corresponds 
to no more than 50 per cent of the approach to equilibrium) 
only the first term, involving k~c~, will govern the rate of 
mutarotation. Thus, as a first approximation applicable 
under the circumstances just stated, the equation of the 
rate law (equation IV-6) may be satisfactorily approximated 
by the equation 
-de~= k~c~c~01(e-¥t) 
dt 
The second approximation which has been employed 
enjoys a less satisfactory justification, It is imposed by 
the fact that data have not been available for the value of 
the rate constant, 0• If this value were known it would be 
preferable to include it in the computation. In its absence, 
we have been obliged to neglect the term in e=~. This 
expedient constitutes the reason for the statement made 
later that the rate constants computed herein are considered 




which can be offered is the fact that the rate constants for 
mutarotation, which are computed using it, are internally 
consistent, as it is shown by the data of Table IV-1, 
Because of the fact that c~Cl is necessarily larger than the 
actual c~Cl the rate constants in Table IV-1 are certainly 
somewhat smaller than the true values. Kashnikovl3 has also 
reported that benzyl chloride reacts with w·ater to form 
benzyl alcohol and HCl faster in a dilute solution. Since 
in the present work the HCl/benzyl alcohol solutions were 
diluted by adding the glucosaminide/benzyl alcohol solution, 
the rate of change of HCl concentration would be smaller in 
proportion to the concentration at the start of mutarotation. 
Finally, the observation that the slow-moving TLC, 
which is found in the equilibrium solution, appears only 
during the second half of a rate run makes its neglect justi-
fiable when the data are treated under the conditions adopted 
in connection wi"th the first approximation indicated above. 
Treatment of Data 
As a result of this approximation, the data during 
the first half of each rate run can be analyzed in terms of 
the rate expressions 
-de~ 































RATE GONS'I'ANTS OF THE MUTAROTATION REACTION 
AT VARIOUS TEMPERATURES 
co App. rate Approx. rate 
HCl constant (k I) constant (k) Average k 
M min~l sec~l;M HOl -
0,2957 0,000612 0,0000344 
0,2410 0,000460 0,0000319 0,00003303* 
0,4675 0;000920 0,0000328 
0.3044 0.00299 0,000164 0. 0002046~"* 
0,3088 0,00437 0,000242 
0,3286 0.00410 0.000208 
0.3609 0,00290 0.000133 
0.3860 0.00230 0,000099 0,0001154>\< 
0,2682 0.00183 0,000144 
0.2866 0,0148 0.000853 
0.4060 0.0207 0,000849 
0,2174 0,0103 0,000789 0, 0008244;"* 
0,2308 0,0115 o.oooe3o 
0.3207 0.0153 0,000796 
0,01:\95 0;00306 0.000571 
0,1676 0,00559 0.000556 0.000533* 
0.2464 0.00701 0.000474 
0,2778 0,0718 0.00430 
0.4494 0,1341 0.00497 0,004296** 
0.4113 0,0895 0,00362 
..,, 'J.:C .;,, ! ot 
** kts 
Apparent was calculated from the slope in Tables 








The integrated form for these two rate lalrJ'S is 





On this basis, for each rate run a plot was constructed 
of log (c~- x) or log (c~- x), applicable, against time. 
The slopes of such plots are multiplied by 2,303 to yield 
the value of the apparent rate constants, k~, k~. Such plots 
are illustrated by Figures IV-1 through IV-5. The resulting 
apparent rate constants are tabulated in Table IV-1. 
It will be seen from these data that the second order 
rate constants, ~ and k~, which are obtained after division 
of the respective k1 by c~Cl' are in fact substantially con-
stant, This may be regarded as a measure of justification 
both for the fundamental rate law which has been assumed by 
analogy to earlier work, and for the approximations which 
have been introduced into the mathematical treatment. 
Application of Absolute Rate Theory 
In order to use the rate constants to obtain 
information about the rate and equilibrium processes, the 
results of absolute rate theory7 have been applied to them. 
_ The pertinent result of the theory may be summarized as 
follows: According to this theory the specific rate con-
stant is given by the expression 
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where K is the Boltzman constant, h is the Planck constant, 
and 4F* the free energy of activation. If we define the 
enthalpy and entropy of activation by the relation 
L\F* = ~H* • TAS* 
the equation becomes 
k = kt e -4H~'/RT ellS* /R -h 
(IV-13) 
(IV-14) 
dividing by T and taking the logarithm of both members 
ln k - ln k L\s* llH>:< ( IV-15) -:::::: -+--- -
T h R RT 
if we assume that llS* is independent of' the temperature, it 
is evident from this expression that the plot of ln k/t 
against 1/T will give a straight line with a slope equal to 
-~H*/R and y intercept equal to ln k/h + 48*/R. The term, 
ln k/h, can be calculated from the known values of the con-
stants k and h 1 and therefore, a value of llS* can be derived 
from the magnitude of the intercept. 
If the specific rate constants listed in Table IV-1, 
page 44, could be regarded as exact, the enthalpy and entropy 
of' activation should be given by the slope and intercept, 
respectively, of the absolute rate plot. However, the 
approximation, whereby l"t in the equation IV-8, page 42, has 
been neglected, has introduced into the rate constant a 
systematic error of undetermined magnitude. An examination 
of this. plot indicates, through the fact that a straight 
line is obtained (Figure IV~7), that this error probably 
e . 
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does not affect the slope significantly. Therefore the 
enthalpy of activation derived from the slope for forward 
and reverse reactions may be regarded as reasonably accurate. 
If this is so, the systematic error known to be present must 
be contained predominantly in the intercept. Therefore the 
entropy of activation must be regarded as containing the 
bulk of the undetermined systematic errors. However, since 
the errors may be considered to be roughly similar in magni-
tude for both AS* and dH* 1 the comparison between these two 
quantities is relatively unimpaired, 
The free energy of activation for both reactions 
may be estimated, using liS* and L\H*, by means of equation 
liF* = LlH~' - T LIS~' 
However, the expected error in LlS* which has been 
just noted will reflect in the value of LlF*. 
A summary of the activation parameters which have 
been determined is presented in Table IV .. 2. 
Since the equilibrium for the interconversion between 
alpha and beta anomers requires the condition that the two 
rates determined above must, at that point, be equal, the 
equilibrium constant for the interconversion must be given 
at each temperature by the ratio of the corresponding rate 
constants. This ratio may be expressed in terms of the 
foregoing activation parameters, 
53 
TABLE IV-2 
SUJI.WJARY OF THE ACTIVATION PARAMETERS 
-- ---
Property ..( ~(l (3 ~at 
E~uilibrium 
~~ ~-\) 
AH, keal/mo1 19.6 21.7 2,1 
---
4S, cal/deg. mol -24.2 -13.7 10.5 
OF31g 27.2 26.0 -1.2 
llF333 27.6 26.3 -1.3 
AFJ48 2$.0 26.5 -1.5 
----
$4 




In view of the preceding considerations regarding the 
estimated accuracy of AH* and c1S* values it would appear 
that the expected systematic errors in LIS* neutralize one 
another in the equation above, so that the equilibrium ~H0 
and 4S0 may be considered to express correctly in the tem-
perature dependence for the equilibrium constants or the 
reaction which has been studied. 
Discussions of Possible Mechanisms 
The mechanism of the mutarotation reaction of the 
benzyl glucosaminides has not been observed and discussed 
prior to this work. However, there are many publications 
on related reactions of other sugars such as the acid-
catalyzed hydrolysis of glycosides by Timelll9, and the 
anomerization of methyl-beta-D-glycoheptose by Isbe1110• 
When possible mechanisms for the present conversion 
are considered, two alternatives presented themselves as 
likely candidates. These are as follows. 
First, an SN·2 type reaction which would involve a 
mechanism of the character illustrated in Figure IV -6, 
page 50. Such a process has been reported by Capon3 in a 




methanolic methanesulphonic acid. It involves a rapid 
proton attack upon a glycosidic oxygen atom, followed by a 
rate determining, concerted displacement of this positively 
charged atom by a benzyl alcohol molecule from the solvent. 
Such a process will take place with Walden inversion and 
will eventually lead to an equilibrium mixture of the alpha 
and beta anomers, 
'rhe second possibility is that of an SN~l reaction 
involving a carbonium ion of the type illustrated in 
Figure IV-7, page 51, Such a process has been reported by 
Time1119 in acid-catalyzed hydrolysis of a glycoside. In 
this mechanism, the same protonated glycoside intermediate 
is believed to be rapidly formed. However, in place of the 
concerted displacement, a unimolecular decay to the 
carbonium-oxonium ion equilibrium state is visualized, This 
state involves a loss of asymmetry at c1• Subsequently c1 
is believed to undergo attack by a benzyl alcohol molecule 
from the solvent, leading to a racemic mixture of the two 
anomeric forms. 
Numerous arguments could be presented to support 
either of these mechanisms in the present context. However, 
the fact of' the matter is that adequate information is not 
presently available to support a test of either mechanism, 
Further study 111ill be required to resolve this issue. 
---,--
Since the present study was undertaken as one of an 
introductory character only. it has unfortunately not yet 
been possible to provide all the information which kinetics 
can be contributed t.o the eventual solution of the question 
of mechanism. 
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As a result of the work reported in this thesis, it 
has now been confirmed that the anomeric benzyl~N-carbobenzoxy­
D·glucosaminides participate in a joint interconversion proc-
ess tll'hen in the presence of acidic alcohol. It has been 
shown that this interconversion obeys a rate law which appar-
ently is first order in both the glycoside and the acid which 
is present. It has been established that the anomeric forms 
give rise to substantially the same equilibrium mixture 
regardless of the form which initially presented. This 
equilibrium favors the alpha anomer over the beta anomer by 
a ratio of about 7.00, Apparent thermodynamic activation 
parameters have been estimated for both of the rate processes 
involved in the equilibrium, and the temperature dependence 
of the equilibrium have been indicated. Finally, it has 
been shown that as the system approaches the equilibrium, a 
third product appears, and it has been confirmed that this 
product is neither glucosamine (a result of hydrolysis) nor 
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